OPEN ACCESS
Bat species inventorization has been invasive in nature. However, through the use of newer technology, a shift has been observed from invasive methods to minimally invasive and completely non-invasive methods of studying bats of any given region. One such non-invasive method is acoustic survey (Surlykke et al. 2014 ). Acoustic surveying is useful for assessing species identity, diversity and distribution, habitat preferences and usage, and is widely useful for species monitoring and conservation management (Teixeira & Jesus 2009) .
Bats use echolocation for orientation during foraging and navigation (Broders et al. 2004 ) and also as a means of communication between roost members (VoigtHeucke et al. 2010) . Echolocation calls are speciesspecific and are known to sometimes differ between the genders and even among individuals of the same species (Yovel et al. 2009 ).
Of the 13 species belonging to the genus Hipposideros, two species, namely-Kolar Leaf-nosed Bat Hipposideros hypophyllus Kock & Bhat, 1994 and Durga Das's Leaf-nosed Bat H. durgadasi Khajuria, 1970 , are endemic to India and are of Endangered status (Molur & Srinivasulu 2008a,b) . Until recently, H. hypophyllus was reported from Hanumanahalli and Therahalli villages in Kolar District, Karnataka (Kock & Bhat 1994; Bates & Harrison 1997; Molur et al. 2002) . Our study has revealed that H. hypophyllus is presently known only from the type locality, a subterranean cave in a granite hill in Hanumanahalli Village (Srinivasulu et al. 2014) . Hipposideros durgadasi was reported from five sites in Jabalpur District, Madhya Pradesh (Khajuria 1970; Topal 1975; Bates & Harrison 1997) . This species was recently discovered by us in the vicinity of Kolar town from two locations-Therahalli and Hanumanahalli villages. At the former site, it was found to occupy a subterranean cave on its own, while in the subterranean cave at Hanumanahalli it was found cohabiting with H. hypophyllus, H. fulvus, H. speoris and Rhinopoma hardwickii (Kaur et al. 2014; Srinivasulu et al. 2014) .
Here we present the echolocation calls of these two endemic leaf-nosed bat species of India for the first time. We carried out the present study in Kolar District (centered 13 0 7'59.88"N & 78 0 7'59.88"E), which is the eastern-most district of Karnataka. It is characterized by tropical dry deciduous to tropical thorn vegetation (Champion & Seth 1968) . The general topography is undulating rocky terrain with boulder hills interspersed with agriculture fields, dry scrub, and low granite hills. Shallow caves and cave systems are common among the high boulder hills, while subterranean caves are observed in the low granite hills and granite plains (Srinivasulu et al. 2014 ).
Methods
The study spanned a period of 29 months from November 2013 to March 2016, during which intensive surveys were carried out to locate the bat species and also to search for further localities and probable roosting sites for these species. In February 2016, we could successfully record the echolocation calls of H. hypophyllus and H. durgadasi using Pettersson D500X (Pettersson Elektronik AB)-a full spectrum bat detector with an extremely sensitive microphone. On 18th February 2016, two individuals of H. hypophyllus (both females) and three individuals of H. durgadasi (two females, one male) were captured between 18:50-19:05 hr near the roost at Hanumanahalli using mist nets (Ecotone series of 16x16 mm mesh size) and kept in separate cloth bags. The bats that were captured were taken about 300m away from the roosting site to avoid recording the echolocation calls of other bat species emerging from the cave. The bats were held close to the bat detector for hand-held recordings. Specimens of H. hypophyllus were held at elbow's length from the detector, while specimens of H. durgadasi had to be held much closer to the microphone of the detector as their calls were almost undetectable if the detector was kept even at elbow's length from the bat. Each recording lasted for three minutes. For release calls the bat detector was held about 2-3 m from the bat being released for specimens of H. hypophyllus, again for specimens of H. durgadasi the bat detector was held about 1m or less to be able to record their calls and recordings were done as the bats were being released near the roosting site.
The recorded ultrasound calls were analyzed digitally using BatSound (version 4; Pettersson Elektronik, Uppsala, Sweden) to measure frequency of maximum energy (FMAXE in kHz) and duration (in ms) from the power spectra (512 point fast Fourier transform, Hanning window).
Results
We recorded a total of 12 calls (both hand-held and release) of both these species of bats. The echolocation calls of the leaf-nosed bats studied were of typical form with a constant frequency component followed by a frequency modulated tail (CF-FM calls). A total of seven calls of Hipposideros hypophyllus (five calls from two hand-held individuals and two calls when these individuals were being released) were recorded. Of the two individuals of H. hypophyllus captured for the recording, three hand held and one release call were recorded of the first individual and two hand held and one release call of the second individual was recorded. Of these only the best pulses with good signal to noise ratio were used for the analyses. The frequency at maximum energy (FMAXE) of echolocation calls of H. hypophyllus in flight ranged between 103.0-105.3 kHz (Mean±SD: 103.9±0.82 kHz) (n=15) with an average duration of 6.30±1.07 ms (range, 4.3-8.5 ms) (Table 1 ; Fig. 1A ; Audio 1), while in hand held bats it was 100.7-106.4 kHz (Mean±SD: 104.7±0.91 kHz) (n=20) with an average duration of 7.97±1.42 ms (range, 4.5-12.4 ms) Fig. 2A ; Audio 2), while it was 168.4-173.5 kHz (Mean±SD: 170.5±0.63 kHz) (n=20) with an average duration of 6.17±0.9 ms (range, 3.4-8.2 ms) with handheld recording (Fig. 2B ). All the bats were released safely after recording the echolocation calls between 19:15-19:30 hr on the same night.
Discussion
The species belonging to the genus Hipposideros in southern Asia are divided into five 'species groups' (Srinivasulu & Srinivasulu 2012) . Both the species dealt here belong to the large 'bicolor-species group', which includes seven species, namely: Dusky Leaf-nosed Bat H. ater, Ashy Leaf-nosed Bat H. cineraceus, Durga Das' Leaf-nosed Bat H. durgadasi, Fulvus Leaf-nosed Bat H. fulvus, Andersen Leaf-nosed Bat H. pomona, Kolar Leafnosed Bat H. hypophyllus, and Cantor's Leaf-nosed Bat H. galeritus. The Kolar Leaf-nosed Bat and the Cantor's Leaf-nosed Bat belong to the 'galeritus subgroup', and the others belong to the 'bicolor subgroup' of the 'bicolor-species group'. The species belonging to the bicolor subgroup are characterized by the absence of any supplementary leaflets and small-size (forearm length ranging between 33.0-44.0 mm) (Srinivasulu et al. 2010) . The species belonging to the galeritus subgroup are characterized by the presence of one to two supplementary leaflets and small to medium size (forearm length ranging between 37.0-51.5 mm) (Srinivasulu et al. 2010) .
Call frequency and the body size in hipposiderids are negatively correlated (Zhang et al. 2000) . The present study reveals that H. durgadasi from Karnataka however does not fit this scheme. Although the forearm length of this species was greater than that of H. cineraceus, the FMAXE was much higher than that of H. cineraceus from Southeast Asia (Maximum FMAXE: 159.6kHz) and China (Maximum FMAXE: 163.5kHz; Douangboubpha 2007; Zhang et al. 2009; Phauk et al. 2013) or H. ater from India and China (Maximum FMAXE: 169.5kHz) (Jones et al. 1994; Douangboubpha 2007;  Table 1 ).
We suspect that detection of these bats using acoustic signals will be challenging, and limited only by the sampling rates of the bat detector and sensitivity of the microphone. Further field experiments are planned to devise protocols that would help in non-invasive detection of these endangered and endemic species. Additional research efforts in and around Kolar District, and even in other localities in peninsular India, need to be conducted in order to ascertain the presence or absence of the species and to advance our knowledge about their ecology. 
